W e compared two methods of reconstruction of the abductor mechanism in 15 patients after prosthetic replacement of the upper femur, to assess abductor strength and function.
Prosthetic replacement of the upper femur after tumour resection or at revision arthroplasty of the hip may be associated with considerable loss of muscle function. [1] [2] [3] The resection of malignant bone tumours often requires extensive removal of soft tissues.
The reconstruction of bone defects with megaprostheses is well established, but there are technical problems with the attachment of muscles and tendons to the prosthesis. [3] [4] [5] [6] Inadequate reattachment will cause considerable loss of function and loss of joint stability. 5 Various techniques have been devised, 6, 7 but the treatment of tumours produces special problems, and soft-tissue attachment with or without the use of bone blocks is not always successful. 6, 7 We studied the differences between two surgical methods of refixation of the gluteus medius. In one group the gluteal muscles were fixed to the iliotibial band and in the other they were attached directly to the prosthesis.
Patients and Methods
We investigated 15 patients following the prosthetic replacement of the femur with reconstruction of gluteus medius, after an average of 44 months (12 to 92). There were four men and 11 women with a mean age at operation of 36 years (10 to 83). Five patients had total replacement of the femur and ten replacement of only the proximal part. The resections were for malignant bone tumours in 12 and as part of a revision hip arthroplasty in three (Table I) . The KMFTR-prosthetic system (Kotz Modular Femur and Tibia Reconstruction System; Howmedica, Kiel, Germany) was used in each patient. The 32 mm head was of aluminium oxide ceramic. Either a titanium-alloy conical threaded cup (CSF, Allo Pro; Sulzer Medical, Winterthur, Switzerland) or a cemented polyethylene cup (Müller; Protek, Winterthur, Switzerland) was used. When acetabular reconstruction was not required we used a bipolar head (Howmedica, Rutherford, New Jersey).
The six patients in group 1 had reattachment of the medial gluteal tendon to the prosthesis using a bone block which included the natural insertion; four patients had fixation by a spiked polyethylene plate and two screws, which is provided routinely with the prosthesis (Fig. 1a) . The nine patients in group 2 had gluteus medius sutured to the iliotibial band with no direct fixation to the endoprosthesis (Fig. 1b) . All patients were examined clinically and radiologically, using the evaluation system of Enneking et al 8 (Table II) .
The isometric muscle strength of hip abduction and of foot dorsiflexion were measured in both legs of 13 patients by computerised dynamometry using a Cybex 6000 testing machine (Lubex Inc, Ronkonkoma, New York). [9] [10] [11] [12] Two patients, one aged 80 years (group 1) and the other aged 91 years (group 2), were unable to perform the dynamometric tests. The tests were repeated three times on each leg and the highest peak torque was recorded as the isometric muscle strength. The foot dorsiflexion was tested to assess any overall weakness within the operated leg caused by postoperative immobilisation. In 11 patients, the cross-sectional area of the gluteus medius was measured on each side from CT scans (Tomoscan SR 7000; Philips, Eindhoven, The Netherlands) (Fig.  2) . From three to five scans were taken in steps of 10 mm starting at the proximal end of the endoprosthesis, the . The data from the operated side were compared with those from the non-operated side, and the muscle strength of hip abduction was normalised to the cross-sectional area of the gluteus medius.
For statistical analysis we used exact Wilcoxon rank-sum tests to compare differences between the two groups. A p value <0.05 was considered significant.
Results
Clinical evaluation showed an average Enneking rating of 71% (20 to 97) in group 1 and of 59% (37 to 77) in group 2 (p = 0.059) ( Table III) . All the implants were radiologically stable with no signs of loosening.
The isometric muscle strength of hip abduction in group 1 (five patients) showed a mean peak torque of 92% (30 to 185) compared with the non-operated leg. The corresponding value in group 2 (eight patients) was 57% (20 to 99) (Fig. 3 ), but the difference did not reach statistical significance (p = 0.18). The mean peak force was 65.6 Nm (24 to 142) in group 1 and 39.2 Nm (14 to 72) in group 2. The mean peak torque of foot dorsiflexion was 98% (51 to 158) in group 1 and 88% (55 to 171) in group 2, again compared with the non-operated leg (p = 0.38; Fig. 3 ).
The mean cross-sectional area of the gluteus medius on the operated side was 69% (42 to 89) in group 1 (five patients) and 52% (0 to 88) in group 2 (six patients) when compared with the control side (Fig. 4) . The strength of hip abduction per unit of cross-sectional area in group 1 was 134% (58 to 272) of that on the control side, and in group 2 91% (33 to 182) (p = 0.21; Fig. 4 ).
Discussion
Direct fixation of the gluteus medius to the prosthesis gave improved overall clinical outcomes, particularly of gait. The refixation of muscles to the prosthesis appeared to improve the quality of life and reduce the need for external aids.
Isometric measurement of muscle force has been reported to correlate well with the function of the replaced hip as assessed by gait analysis. 1 We found that isometric muscle strength was greater in group 1 after direct muscle fixation to the prosthesis, and also found that gluteus medius had a larger mean cross-sectional area in this group. This may have been due to greater activity in the reinserted muscle, although loss of the muscle which had been resected could have influenced the result. There was, however, also a higher muscle strength per unit of cross-sectional area in group 1. Other factors which affect muscle function include the use of physiotherapy 13, 14 and the positioning of the prosthesis 2,9,15 which we did not assess.
Muscles which were not fixed to the prosthesis, but to the tensor fascia, showed reduced strength per unit of crosssectional area compared with muscles attached to the prosthesis. The power of abduction is greater when there is direct transfer of load to the femoral prosthesis. 7, 12, 16 The fixation is better and the risk of dislocation, very real after tumour resection, is probably also reduced. 5 We recommend that the remaining greater trochanter with the insertion of the gluteal tendon is fixed directly to a femoral prosthesis. This is feasible in most revision arthroplasties; tumour prostheses can usually be adapted to allow such fixation of muscle and tendon.
When malignant tumours are resected, the bony insertions of the abductor muscles are usually removed with the tumour to achieve safe surgical margins. Despite this, we recommend the refixation of remaining soft tissue directly Box plots (±SD) for isometric muscle strength (Nm) of hip abduction and foot dorsiflexion in both groups, as percentages of the normal side. Box plots (±SD) for the cross-sectional area of gluteus medius and strength per cross-sectional area in both groups, as percentages of the normal side.
to the prosthesis, provided that an appropriate means of fixation is available. This should provide stable initial attachment and have a porous coating to allow secondary biological ingrowth of bone. It has been shown experimentally that appropriate techniques can achieve a biological link between muscle, tendon, and prosthesis, 7 but that this provided only about one-third of the pull-out strength recorded for bone-block fixation. 7 No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this article.
